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(57)Abstract: ^ 
PROBLEM TO BE SOLVED: To provide a photographing optical 
system with which a sensitivity characteristics or the like of a 
solid-state imaging element are compensated and an excellent 
image quality is available with a simple structure. 
SOLUTION: The photographing optical system is provided with an 
aperture diaphragm 2 f an interference type optical filter (for 
example, an infrared cut filter) 13 formed in the form of a curved 
plane of which center of radius is nearly located at the center of 
the aperture of the aperture diaphragm. The optical filter can be 
formed on the surface of a lens 1. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shews the word which can not be 
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3. In the drawings, any words are not 
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CLAIMS 



[Claim(s)] 

[Claim l] Photography optical system 
characterized by having a diaphragm and 
the light filter formed in the shape of 
[ which makes the opening core of this 
drawing center of curvature mostly ] a 
curved surface. 

[Claim 2] Photography optical system 
according to claim 1 characterized by said 
light filter being an interference pattern 
filter. 

[Claim 3] Photography optical system 
according to claim 1 or 2 characterized by 
having the curved-surface configuration 
to which said light filter is arranged at an 
image surface side, and serves as a 
convex from said drawing at an image 
surface side. 

[Claim 4] Photography optical system 
according to claim 1 or 2 characterized by 
having the curved-surface configuration 
to which said light filter is arranged at a 
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body side, and serves as a convex from 
said drawing at a body side. 
[Claim 5] Photography optical system 
given in either of claims 1-4 to which said 
light filter is characterized by being 
formed on the front face of a lens. 
[Claim 6] Photography optical system 
according to claim 5 to which said light 
filter is characterized by carrying out 
vacuum evaporationo formation on the 
front face of a lens. 

[Claim 7] Photography optical system 
given in either of claims 1-6 characterized 
by having the solid state image sensor 
which picturizes the image formed of the 
flux of light which passed said light filter. 
[Claim 8] Photography optical system 
given in either of claims 1-7 to which said 
light filter is characterized by being an 
infrared cut off filter. 

[Claim 9] Photography optical system 
given in either of claims 1-8 characterized 
by satisfying 0.7<r/L<1.5 when the radius 
of curvature of said light filter is set to r 
and the direction distance of an optical 
axis of said diaphragm and said light 
filter is set to L. 

[Claim 10] Photography equipment 
characterized by equipping either of 
claims 19 with the photography optical 
system of a publication. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to the photography optical system 
equipped with the light filter for 
amending especially the sensibility 
property of a solid state image sensor 
about the photography optical system 
used for photography equipments, such 
as a digital still camera and a video 
camera. 
[0002] 

[Description of the Prior Art] When using 
a solid state image sensor as an image 
incorporation means in image pick up 
equipment, the light filter for amending 
the spectral sensitivity characteristic is 
prepared in photography optical system 
on the property of a solid state image 
sensor in many cases. 
[0003] For example, in order to cut an 
infrared component, the infrared cut off 
filter member of the interference pattern 
which vapordeposited dielectric 
multilayers to the glass substrate just 
before the solid state image sensor is 
arranged. 

[0004] By the way, in the case of the 
interference pattern filter using 
interference of the light by the thin film, 
the property changes with the incident 
angles of a beam of light. For example, 
although it is a setup which reflects light 
with a wavelength of about 700nm or 
more in order to usually make the 



sensibility of a solid state image sensor in 
agreement with human being's visibility 
in the case of the infrared cut-off filter of 
an interference pattern, the wavelength 
which will reflect this to the incident 
angle of the set up light if incident angles 
differ differs. 

[0005] And with the configuration of a 
common taking lens, the incident angle to 
a solid state image sensor changes with 
photographic subject image quantities. 
Therefore, in such a case, the properties 
of a light filter will differ. 
[0006] In order to avoid this, the so-called 
telecentric system which arranges a 
diaphragm in the lens focal location by 
the side of the image surface rather than 
a diaphragm is constituted, and it is set 
up so that the flux of light to all image 
quantities may carry out incidence to the 
filter prepared just before the image 
sensor perpendicularly, so that a lens exit 
pupil may become infinite distance 
conventionally. 
[0007] 

[Problem(s) to be Solved by the 
Invention] If the miniaturization of an 
image pick up lens progresses with the 
demand of miniaturization of 
photography equipment, it becomes 
impossible however, to constitute such 
telecentric system. Therefore, in having 
prepared the light filter like before just 
before the solid state image sensor, 
unevenness will arise in the sensitivity 
profile by image quantity. 
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[0008] Moreover, there is a problem that 
the flux of light reflected in the filter 
section becomes the ghost who reflects at 
other peripheries and lens barrel edges of 
a lens, takes a complicated optical path, 
and cannot shade, or serves as ghost light 
which the reflected light of the front face 
of a solid state image sensor reflects with 
a light filter, and carries out incidence to 
a solid state image sensor again when the 
light filter of an interference pattern is 
formed in some image pick-up lenses 
which consist of two or more lenses. 
[0009] Then, this invention is a simple 
configuration, can amend the sensibility 
property of a solid state image sensor etc., 
and aims at offering the photography 
optical system which can acquire good 
image quality. 
[0010] 

[Means for Solving the Problem] in order 
to attain the above -mentioned purpose, 
the photography optical system of this 
invention has a diaphragm and the light 
filter (for example, infrared cut off filter 
of an interference pattern) formed in the 
shape of [ which makes the opening core 
of this drawing center of curvature 
mostly (getting it blocked - the core of 
diaphragm opening - receiving almost 
- KONN - a trick) ] a curved surface. 
[0011] A light filter is formed in the 
curved- surface configuration which is on 
a body side with a convex, when a light 
filter is formed in the curved-surface 
configuration which is on an image 



surface side with a convex when a light 
filter extracts and the twist is also 
specifically arranged at the image surface 
side, or a light filter extracts and the 
twist is also arranged at the body side. 
[0012] Even if optical system is not 
constituted as telecentric system by this, 
it becomes possible not to depend 
whenever [ incident angle / of the beam of 
light to a light filter ] on image quantity, 
but to make it almost the same, a 
dependency is reduced whenever 
[ incident angle / of the light filter of an 
interference pattern ], and it becomes 
possible to acquire good photography 
image quality. 

[0013] Moreover, since the light filter is 
formed in the above-mentioned 
configuration in case the beam of light 
which reached the image surface reflects 
in a light filter side on front faces, such as 
a solid state image sensor arranged in the 
image surface, and reflects with a light 
filter further, emission or astriction will 
be received, in case this reflected ray 
carries out incidence to an image sensor 
again, the flux of light has spread, and 
the effect on the image pick up engine 
performance decreases. 
[0014] It is 0.7<r/L<1.5, when the radius 
of curvature of a light filter is set to r and 
the direction distance of an optical axis of 
a diaphragm and a light filter is 
especially set to L. - (l) 
Constituting so that it may be satisfied is 
desirable. 
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[0015] If it deviates from the range of the 
above-mentioned formula (l), the filter 
shape by whenever [ incident angle ] will 
change a lot, and the image from which 
image quality and the quantity of light 
differ by image quantity will be formed. 
Moreover, possibility of being influenced 
of the ghost by the reflected light in a 
filter becomes high. 

[0016] In addition, by forming a light 
filter on the front face of lenses (image 
formation lens etc.) required for optical 
system originally, the light filter member 
which the former became independent of 
is made unnecessary, and it becomes 
possible to acquire the above-mentioned 
effectiveness, preventing the increment 
in the number of components. 
[0017] 

[Embodiment of the Invention] (The 1st 
operation gestalt) The configuration of 
the photography optical system which is 
the 1st operation gestalt of this invention 
is shown in drawing 1 . In addition, this 
photography optical system is used for 
photography equipments, such as a 
digital still camera and a video camera, is 
held in the lens barrel constituted in one 
by the body of photography equipment, or 
is held in a removable interchangeable 
lens to the body of photography 
equipment. 

[0018] In drawing 1 , 2 is a diaphragm 
and opening for passing the photography 
flux of light is formed in the center. 
[0019] 1 is an image formation lens and is 



arranged rather than the diaphragm 2 at 
the image surface side. The field by the 
side of the body of this image formation 
lens 1 is constituted as a flat surface 11, 
and the field by the side of the image 
surface is constituted as a convex 12. 3 is 
an image formation side and solid state 
image sensors, such as CCD, are 
arranged here. 

[0020] On the convex 12 of the image 
formation lens 1, the infrared cut off 
filter (interference pattern light filter) 13 
by dielectric multilayers is formed of 
vacuum evaporationo. This infrared 
cut-off filter 13 has the property of 
reflecting the great portion of light with a 
wavelength of about 700nm or more, and 
has the work which doubles the 
wavelength sensitivity profile of a solid 
state image sensor with visibility. 
[0021] And the center of curvature of the 
convex 12 of the image formation lens 1 is 
set up so that it may be mostly in 
agreement with the opening core of 
diaphragm 2. For this reason, the center 
of curvature of the infrared cut-off filter 
13 formed on the convex 12 is also mostly 
in agreement with the opening core of 
diaphragm 2, 

[0022] Thereby, incidence of the chief ray 
(the light which carried out incidence 
aslant not only to the beam of light which 
carried out incidence in parallel with an 
optical axis but to the optical axis is 
included) passing through the opening 
core of diaphragm 2 is carried out almost 
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at right angles to a convex 12 and the 
infrared cut off filter 13. 
[0023] That is, whenever [ incident angle 
/ of the beam of light to the infrared 
cut off filter 13 ] is not based on image 
quantity, but becomes almost the same. 
Thereby, the difference in the cut 
wavelength by the degree difference of 
incident angle to the infrared cut off filter 
13 can be made small, and color 
temperature change by image quantity 
and change of the quantity of light can be 
made small. 

[0024] The locus of the infrared-region 
beam of light reflected by the beam of 
light of the visible region which passes 
diaphragm 2, the image formation lens 1, 
and the infrared cut off filter 13, and 
carries out incidence to a solid state 
image sensor, the locus of the beam of 
light containing the wavelength of the 
infrared region which passed the infrared 
cut-off filter 13 although it was small, 
and the front face and the infrared cut-off 
filter 13 (it has a reflection factor high 
naturally in an infrared region) of a solid 
state image sensor is shown in drawing 2 . 
[0025] It reflects by the infrared cut off 
filter 13, and the infrared light line 
reflected with the solid state image 
sensor goes in the direction of an image 
sensor again. 

[0026] However, with this operation 
gestalt, when the infrared cut off filter 13 
is on the image surface side with the 
convex, the infrared light line RL 



reflected by the infrared cut off filter 13 
receives big transpiration, and in case 
incidence is again carried out to a solid 
state image sensor, when the flux of light 
has spread, the effect on the image 
pick up engine performance will become 
slight. 

[0027] On the other hand, the locus of the 
beam of light reflected at the front face of 
a solid state image sensor and the flat 
surface 11 of the image formation lens 1 
is shown in drawing 3 . 
[0028] The beam of light which reflected 
in respect of [ 31 ] the image sensor front 
face, and carried out incidence to the 
image formation lens 1 serves as the 
parallel flux of light mostly in an 
operation of a convex 12, and is reflected 
at a flat surface 11. This reflected ray 
goes in the direction of an image sensor in 
response to a condensing operation in a 
convex 12 again. Consequently, the fully 
condensed light will carry out image 
formation to the point 32 on the front face 
of an image sensor, and it will become 
ghost light with the big effect of the 
image formation engine performance on 
original. Therefore, it is not desirable to 
install the filter which cuts an 
unnecessary wavelength component by 
reflection in a flat surface 11. The 
acid-resisting filter which reduces a 
reflection factor in the wavelength whole 
region rather should be installed here. 
[0029] Next, the numerical example of 
this operation gestalt is explained. When 
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the focal distance of photography optical 
system is set to 1, Curvature Spacing A 
refractive index r/L It extracts. (2) 
infinity 0.1 1 (air) - Si (flat surface 11) 
infinity 0.3962 1.5247 infinity S2 (convex 
12) 0.52793 1 (air) 1.06 It is related. 
[0030] That is, with this operation gestalt, 
change of the filter shape which is the 
above-mentioned formula (l) have 
satisfied 0.7<r/L=1.06<1.5 and according 
to whenever [ incident angle ] was 
lessened, and it has prevented that image 
quality and the quantity of light change 
with image quantities. Moreover, effect of 
the ghost by the reflected light in a filter 
13 is lessened. 

[0031] In addition, some modification 
may be added to a configuration by 
making S2 (convex 12) into the aspheric 
surface for a **** engine -performance 
improvement. 

[0032] (The 2nd operation gestalt) The 
configuration of the photography optical 
system which is the 2nd operation gestalt 
of this invention is shown in drawing 4 . 
In addition, this photography optical 
system is used for photography 
equipments, such as a digital still camera 
and a video camera, is held in the lens 
barrel constituted in one by the body of 
photography equipment, or is held in a 
removable interchangeable lens to the 
body of photography equipment. 
[0033] In drawing 4 , 2 is a diaphragm 
and opening for passing the photography 
flux of light is formed in the center. 



[0034] 20 is an image formation lens and 
is arranged rather than the diaphragm 2 
at the body side. The field by the side of 
the body of this image formation lens 20 
is constituted as a convex 21, and the 
field by the side of the image surface is 
constituted as a concave surface 22. 3 is 
an image formation side and solid state 
image sensors, such as CCD, are 
arranged here. 

[0035] On the convex 21 of the image 
formation lens 20, the infrared cut-off 
filter (interference pattern light filter) 23 
by dielectric multilayers is formed of 
vacuum evaporationo. This infrared 
cut off filter 23 has the property of 
reflecting light with a wavelength of 
about 700nm or more, and has the work 
which doubles the wavelength sensitivity 
profile of a solid state image sensor with 
visibility. 

[0036] And the center of curvature of the 
convex 21 of the image formation lens 20 
is set up so that it may be mostly in 
agreement with the opening core of 
diaphragm 2. For this reason, the center 
of curvature of the infrared cut off filter 
23 formed on the convex 21 is also mostly 
in agreement with the opening core of 
diaphragm 2. 

[0037] Thereby, incidence of the chief ray 
passing through the opening core of 
diaphragm 2 is carried out almost at 
right angles to a convex 21 and the 
infrared cut off filter 23. 
[0038] That is, whenever [ incident angle 
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/ of the beam of light to the infrared 
cut off filter 23 ] is not based on image 
quantity, but becomes almost the same. 
Thereby, the difference in the cut 
wavelength by the degree difference of 
incident angle to the infrared cut-off filter 
23 can be made small, and color 
temperature change by image quantity 
and change of the quantity of light can be 
made small. 

[0039] The locus of the beam of light 
reflected by the beam of light of the 
visible region which passes the infrared 
cut-off filter 23, the image formation lens 
20, and diaphragm 2, and carries out 
incidence to a solid state image sensor, 
the locus of the beam of light containing 
the wavelength of the infrared region 
which passed the infrared cut off filter 21 
although it was small, and the front face 
and the infrared cut-off filter 21 of a solid 
state image sensor is shown in drawing 5 . 
[0040] The concave surface 22 and convex 
21 of a lens 20 are penetrated, it reflects 
by the infrared cut-off filter 23, and the 
beam of light reflected with the solid 
state image sensor only carries out going 
in the direction of an image sensor again. 
With this operation gestalt When the 
infrared cut off filter 23 is on the body 
side with the convex, the beam of light RL 
reflected by the infrared cut off filter 23 
receives big astriction, and in case 
incidence is again carried out to a solid 
state image sensor, when the flux of light 
has spread, the effect on the image 



pick-up engine performance will become 
slight. 

[0041] On the other hand, the locus of the 
beam of light reflected on the front face of 
a solid state image sensor and the 
concave surface 22 of the image formation 
lens 20 is shown in drawing 6 . 
[0042] The beam of light reflected on the 
image sensor front face goes in the 
direction of an image sensor in response 
to a condensing operation by reflection on 
a concave surface 22. Consequently, to an 
image sensor front face, the fully 
condensed light will carry out image 
formation, and will turn into ghost light 
with the big effect of the image formation 
engine performance on original on it. 
Therefore, it is not desirable to prepare 
the filter which cuts an unnecessary 
wavelength component into a concave 
surface 22 by reflection. 
[0043] Next, the numerical example of 
this operation gestalt is explained. When 
the focal distance of photography optical 
system is set to 1, Curvature Spacing A 
refractive index r/L Si (convex 21) 
0.36829 0.06425 1.5247 1.44 S2 (concave 
surface 22) 1.14456 0.19202 1 (air) 5.96 It 
extracts. (2) infinity 1 (air) By -, i.e., this 
operation gestalt, change of the filter 
shape which is the above-mentioned 
formula (l) have satisfied 
0.7<r/L=1.44<1.5 and according to 
whenever [ incident angle ] was lessened, 
and it has prevented that image quality 
and the quantity of light change with 
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image quantities. Moreover, effect of the 
ghost by the reflected light in a filter 23 is 
lessened. 

[0044] In addition, some modification 
may be added to a configuration by 
making Si (convex 21) and S2 (concave 
surface 22) into the aspheric surface for a 
**** engine -performance improvement. 
[0045] Moreover, although each 
above-mentioned operation gestalt 
explained the case where vacuum 
evaporationo formation of the 
interference pattern infrared cut off filter 
was carried out, on the front face of an 
image formation lens, light filters other 
than an infrared cut-off filter may be 
formed by approaches other than vacuum 
evaporationo on the front face of an 
image formation lens, and you may make 
it form a light filter in this invention on 
the transparence plate of the 
curvedsurface configuration which 
makes the opening core of a diaphragm 
center of curvature mostly. 
[0046] Moreover, this invention is a light 
filter which is not an interference pattern, 
and also when using what has a 
dependency in the property whenever 
[ incident angle ], it can be applied. For 
example, since what forms detailed 
irregularity on a glass substrate, gives 
the diffusion property of light, uses for 
the filter of a taking lens etc., and 
acquires the soft focus effectiveness 
changes a diffusion property according to 
the incident angle of light, if it is going to 



acquire fixed effectiveness, its application 

of this invention is effective. 

[0047] 

[Effect of the Invention] Since the 
opening core of a diaphragm of a light 
filter is formed in the shape of [ which is 
mostly made into center of curvature ] a 
curved surface according to this invention 
as explained above, even if optical system 
is not constituted as telecentric system, 
whenever [ incident angle / of the beam of 
light to a light filter ] cannot be depended 
on image quantity, but can be made 
almost the same. Therefore, a 
dependency can be reduced whenever 
[ incident angle / of the light filter of an 
interference pattern ], and good 
photography image quality can be 
acquired. 

[0048] Moreover, since the fight filter is 
formed in the above-mentioned 
configuration and emission or astriction 
will be received in case the beam of light 
which reached the image surface reflects 
in a light filter side on front faces, such as 
a solid state image sensor arranged in the 
image surface, and reflects with a light 
filter further, in case this reflected beam 
of light carries out incidence to an image 
sensor again, the flux of light has spread, 
and effect on the image pick-up engine 
performance can be lessened. 
[0049] If it constitutes so that the 
above-mentioned formula (l) may be 
satisfied when the radius of curvature of 
a light filter is set to r and the direction 
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distance of an optical axis of a diaphragm 
and a light filter is especially set to L, 
change of the filter shape by whenever 
[ incident angle ] is lessened, and it can 
prevent that the image from which image 
quality and the quantity of light differ by 
image quantity is formed. Moreover, 
effect of the ghost by the reflected light in 
a light filter can be lessened. 
[0050] In addition, if a light filter is 
formed on the front face of lenses (image 
formation lens etc.) required for optical 
system originally, the light filter member 
which the former became independent of 
is made unnecessary, and the 
above-mentioned effectiveness can be 
acquired, preventing the increment in the 
number of components. 



[Drawing 41 The block diagram of the 
photography optical system which is the 
2nd operation gestalt of this invention. 
[Drawing 51 Drawing showing the locus 
of the beam of light in the photography 
optical system of the above-mentioned 
2nd operation gestalt. 
[Drawing 6l Drawing showing the locus 
of the beam of light in the photography 
optical system of the above-mentioned 
2nd operation gestalt. 
[Description of Notations] 

1 20 Image formation lens 

2 Drawing 

3 Image Formation Side (Installation 
Side of Individual Image Sensor) 

13 23 Infrared cut off filter 



[Translation done.] 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll The block diagram of the 
photography optical system which is the 
1st operation gestalt of this invention. 
[Drawing 21 Drawing showing the locus 
of the beam of light in the 
above-mentioned photography optical 
system. 

[Drawing 31 Drawing showing the locus 
of the beam of light in the 
above-mentioned photography optical 
system. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Photography optical system 
characterized by having a diaphragm and 
the light filter formed in the shape of 
[ which makes the opening core of this 
drawing center of curvature mostly ] a 
curved surface. 

[Claim 2] Photography optical system 
according to claim 1 characterized by said 
light filter being an interference pattern 
filter. 

[Claim 3] Photography optical system 
according to claim 1 or 2 characterized by 
having the curved- surface configuration 
to which said light filter is arranged at an 
image surface side, and serves as a 
convex from said drawing at an image 
surface side. 

[Claim 4] Photography optical system 
according to claim 1 or 2 characterized by 
having the curved- surface configuration 
to which said light filter is arranged at a 



body side, and serves as a convex from 
said drawing at a body side. 
[Claim 5] Photography optical system 
given in either of claims 1*4 to which said 
light filter is characterized by being 
formed on the front face of a lens. 
[Claim 6] Photography optical system 
according to claim 5 to which said light 
filter is characterized by carrying out 
vacuum evaporationo formation on the 
front face of a lens. 

[Claim 7] Photography optical system 
given in either of claims 1-6 characterized 
by having the solid state image sensor 
which picturizes the image formed of the 
flux of light which passed said light filter. 
[Claim 8] Photography optical system 
given in either of claims 1*7 to which said 
light filter is characterized by being an 
infrared cut off filter. 
[Claim 9] Photography optical system 
given in either of claims 1-8 characterized 
by satisfying 0.7<r/L<1.5 when the radius 
of curvature of said light filter is set to r 
and the direction distance of an optical 
axis of said diaphragm and said light 
filter is set to L. 

[Claim 10] Photography equipment 
characterized by equipping either of 
claims 19 with the photography optical 
system of a publication. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention 
relates to the photography optical system 
equipped with the light filter for 
amending especially the sensibility 
property of a solid state image sensor 
about the photography optical system 
used for photography equipments, such 
as a digital still camera and a video 
camera. 
[0002] 

[Description of the Prior Art] When using 
a solid state image sensor as an image 
incorporation means in image pick- up 
equipment, the light filter for amending 
the spectral sensitivity characteristic is 
prepared in photography optical system 
on the property of a solid state image 
sensor in many cases. 
[0003] For example, in order to cut an 
infrared component, the infrared cut off 
filter member of the interference pattern 
which vapor-deposited dielectric 
multilayers to the glass substrate just 
before the solid state image sensor is 
arranged. 

[0004] By the way, in the case of the 
interference pattern filter using 
interference of the light by the thin film, 
the property changes with the incident 
angles of a beam of light. For example, 
although it is a setup which reflects light 
with a wavelength of about 700nm or 
more in order to usually make the 



sensibility of a solid state image sensor in 
agreement with human being's visibility 
in the case of the infrared cut-off filter of 
an interference pattern, the wavelength 
which will reflect this to the incident 
angle of the set-up light if incident angles 
differ differs. 

[0005] And with the configuration of a 
common taking lens, the incident angle to 
a solid state image sensor changes with 
photographic subject image quantities. 
Therefore, in such a case, the properties 
of a light filter will differ. 
[0006] In order to avoid this, the so-called 
telecentric system which arranges a 
diaphragm in the lens focal location by 
the side of the image surface rather than 
a diaphragm is constituted, and it is set 
. up so that the flux of light to all image 
quantities may carry out incidence to the 
filter prepared just before - the image 
sensor perpendicularly, so that a lens exit 
pupil may become infinite distance 
conventionally 
[0007] 

[Problem(s) to be Solved by the 
Invention] If the miniaturization of an 
image pick-up lens progresses with the 
demand of miniaturization of 
photography equipment, it becomes 
impossible however, to constitute such 
telecentric system. Therefore, in having 
prepared the light filter like before just 
before the solid state image sensor, 
unevenness will arise in the sensitivity 
profile by image quantity. 
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[0008] Moreover, there is a problem that 
the flux of light reflected in the filter 
section becomes the ghost who reflects at 
other peripheries and lens barrel edges of 
a lens, takes a complicated optical path, 
and cannot shade, or serves as ghost light 
which the reflected light of the front face 
of a solid state image sensor reflects with 
a light filter, and carries out incidence to 
a solid state image sensor again when the 
light filter of an interference pattern is 
formed in some image pick-up lenses 
which consist of two or more lenses. 
[0009] Then, this invention is a simple 
configuration, can amend the sensibility 
property of a solid state image sensor etc., 
and aims at offering the photography 
optical system which can acquire good 
image quality. 
[0010] 

[Means for Solving the Problem] in order 
to attain the above-mentioned purpose, 
the photography optical system of this 
invention has a diaphragm and the light 
filter (for example, infrared cut-off filter 
of an interference pattern) formed in the 
shape of [ which makes the opening core 
of this drawing center of curvature 
mostly (getting it blocked - the core of 
diaphragm opening -- receiving - almost 
-- KONN - a trick) ] a curved surface. 
[0011] A light filter is formed in the 
curved-surface configuration which is on 
a body side with a convex, when a light 
filter is formed in the curved-surface 
configuration which is on an image 



surface side with a convex when a light 
filter extracts and the twist is also 
specifically arranged at the image surface 
side, or a light filter extracts and the 
twist is also arranged at the body side. 
[0012] Even if optical system is not 
constituted as telecentric system by this, 
it becomes possible not to depend 
whenever [ incident angle / of the beam of 
light to a light filter ] on image quantity, 
but to make it almost the same, a 
dependency is reduced whenever 
[ incident angle / of the light filter of an 
interference pattern ], and it becomes 
possible to acquire good photography 
image quality. 

[0013] Moreover, since the fight filter is 
formed in the above-mentioned 
configuration in case the beam of light 
which reached the image surface reflects 
in a light filter side on front faces, such as 
a solid state image sensor arranged in the 
image surface, and reflects with a light 
filter further, emission or astriction will 
be received, in case this reflected ray 
carries out incidence to an image sensor 
again, the flux of light has spread, and 
the effect on the image pick up engine 
performance decreases. 
[0014] It is 0.7<r/L<1.5, when the radius 
of curvature of a light filter is set to r and 
the direction distance of an optical axis of 
a diaphragm and a light filter is 
especially set to L. - (l) 
Constituting so that it may be satisfied is 
desirable. 
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[0015] If it deviates from the range of the 
above-mentioned formula (l), the filter 
shape by whenever [ incident angle ] will 
change a lot, and the image from which 
image quality and the quantity of light 
differ by image quantity will be formed. 
Moreover, possibility of being influenced 
of the ghost by the reflected light in a 
filter becomes high. 

[0016] In addition, by forming a light 
filter on the front face of lenses (image 
formation lens etc.) required for optical 
system originally, the light filter member 
which the former became independent of 
is made unnecessary, and it becomes 
possible to acquire the above-mentioned 
effectiveness, preventing the increment 
in the number of components. 
[0017] 

[Embodiment of the Invention] (The 1st 
operation gestalt) The configuration of 
the photography optical system which is 
the 1st operation gestalt of this invention 
is shown in drawing 1 . In addition, this 
photography optical system is used for 
photography equipments, such as a 
digital still camera and a video camera, is 
held in the lens barrel constituted in one 
by the body of photography equipment, or 
is held in a removable interchangeable 
lens to the body of photography 
equipment. 

[0018] In drawing 1 , 2 is a diaphragm 
and opening for passing the photography 
flux of light is formed in the center. 
[0019] 1 is an image formation lens and is 



arranged rather than the diaphragm 2 at 
the image surface side. The field by the 
side of the body of this image formation 
lens 1 is constituted as a flat surface 11, 
and the field by the side of the image 
surface is constituted as a convex 12. 3 is 
an image formation side and solid state 
image sensors, such as CCD, are 
arranged here. 

[0020] On the convex 12 of the image 
formation lens 1, the infrared cut off 
filter (interference pattern light filter) 13 
by dielectric multilayers is formed of 
vacuum evaporationo. This infrared 
cut off filter 13 has the property of 
reflecting the great portion of light with a 
wavelength of about 700nm or more, and 
has the work which doubles the 
wavelength sensitivity profile of a solid 
state image sensor with visibility. 
[0021] And the center of curvature of the 
convex 12 of the image formation lens 1 is 
set up so that it may be mostly in 
agreement with the opening core of 
diaphragm 2. For this reason, the center 
of curvature of the infrared cut off filter 
13 formed on the convex 12 is also mostly 
in agreement with the opening core of 
diaphragm 2. 

[0022] Thereby, incidence of the chief ray 
(the light which carried out incidence 
aslant not only to the beam of light which 
carried out incidence in parallel with an 
optical axis but to the optical axis is 
included) passing through the opening 
core of diaphragm 2 is carried out almost 
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at right angles to a convex 12 and the 
infrared cut off filter 13. 
[0023] That is, whenever [ incident angle 
/ of the beam of light to the infrared 
cut off filter 13 ] is not based on image 
quantity, but becomes almost the same. 
Thereby, the difference in the cut 
wavelength by the degree difference of 
incident angle to the infrared cut-off filter 
13 can be made small, and color 
temperature change by image quantity 
and change of the quantity of light can be 
made small. 

[0024] The locus of the infrared-region 
beam of light reflected by the beam of 
light of the visible region which passes 
diaphragm 2, the image formation lens 1, 
and the infrared cut-off filter 13, and 
carries out incidence to a solid state 
image sensor, the locus of the beam of 
light containing the wavelength of the 
infrared region which passed the infrared 
cut-off filter 13 although it was small, 
and the front face and the infrared cut off 
filter 13 (it has a reflection factor high 
naturally in an infrared region) of a solid 
state image sensor is shown in drawing 2 . 
[0025] It reflects by the infrared cut off 
filter 13, and the infrared light line 
reflected with the solid state image 
sensor goes in the direction of an image 
sensor again. 

[0026] However, with this operation 
gestalt, when the infrared cut off filter 13 
is on the image surface side with the 
convex, the infrared light line RL 



reflected by the infrared cut off filter 13 
receives big transpiration, and in case 
incidence is again carried out to a solid 
state image sensor, when the flux of light 
has spread, the effect on the image 
pick-up engine performance will become 
slight. 

[0027] On the other hand, the locus of the 
beam of light reflected at the front face of 
a solid state image sensor and the flat 
surface 11 of the image formation lens 1 
is shown in drawing 3 . 
[0028] The beam of light which reflected 
in respect of [ 31 ] the image sensor front 
face, and carried out incidence to the 
image formation lens 1 serves as the 
parallel flux of light mostly in an 
operation of a convex 12, and is reflected 
at a flat surface 11. This reflected ray 
goes in the direction of an image sensor in 
response to a condensing operation in a 
convex 12 again. Consequently, the fully 
condensed light will carry out image 
formation to the point 32 on the front face 
of an image sensor, and it will become 
ghost light with the big effect of the 
image formation engine performance on 
original. Therefore, it is not desirable to 
install the filter which cuts an 
unnecessary wavelength component by 
reflection in a flat surface 11. \ The 
acid-resisting filter which reduces a 
reflection factor in the wavelength whole 
region rather should be installed here. 
[0029] Next, the numerical example of 
this operation gestalt is explained. When 
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the focal distance of photography optical 
system is set to 1, Curvature Spacing A 
refractive index r/L It extracts. (2) 
infinity 0.1 1 (air) - Si (flat surface 11) 
infinity 0.3962 1.5247 infinity S2 (convex 
12) -0.52793 1 (air) 1.06 It is related. 
[0030] That is, with this operation gestalt, 
change of the filter shape which is the 
above-mentioned formula (l) have 
satisfied 0.7<r/L=1.06<1.5 and according 
to whenever [ incident angle ] was 
lessened, and it has prevented that image 
quality and the quantity of light change 
with image quantities. Moreover, effect of 
the ghost by the reflected light in a filter 
13 is lessened. 

[0031] In addition, some modification 
may be added to a configuration by 
making S2 (convex 12) into the aspheric 
surface for a **** engine -performance 
improvement. 

[0032] (The 2nd operation gestalt) The 
configuration of the photography optical 
system which is the 2nd operation gestalt 
of this invention is shown in drawing 4 . 
In addition, this photography optical 
system is used for photography 
equipments, such as a digital still camera 
and a video camera, is held in the lens 
barrel constituted in one by the body of 
photography equipment, or is held in a 
removable interchangeable lens to the 
body of photography equipment. 
[0033] In drawing 4 , 2 is a diaphragm 
and opening for passing the photography 
flux of light is formed in the center. 



[0034] 20 is an image formation lens and 
is arranged rather than the diaphragm 2 
at the body side. The field by the side of 
the body of this image formation lens 20 
is constituted as a convex 21, and the 
field by the side of the image surface is 
constituted as a concave surface 22. 3 is 
an image formation side and solid state 
image sensors, such as CCD, are 
arranged here. 

[0035] On the convex 21 of the image 
formation lens 20, the infrared cut off 
filter (interference pattern light filter) 23 
by dielectric multilayers is formed of 
vacuum evaporationo. This infrared 
cut off filter 23 has the property of 
reflecting light with a wavelength of 
about 700nm or more, and has the work 
which doubles the wavelength sensitivity 
profile of a solid state image sensor with 
visibility. 

[0036] And the center of curvature of the 
convex 21 of the image formation lens 20 
is set up so that it may be mostly in 
agreement with the opening core of 
diaphragm 2. For this reason, the center 
of curvature of the infrared cut-off filter 
23 formed on the convex 21 is also mostly 
in agreement with the opening core of 
diaphragm 2. 

[0037] Thereby, incidence of the chief ray 
passing through the opening core of 
diaphragm 2 is carried out almost at 
right angles to a convex 21 and the 
infrared cut ofT filter 23. 
[0038] That is, whenever [ incident angle 
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/ of the beam of light to the infrared 
cut-off filter 23 ] is not based on image 
quantity, but becomes almost the same. 
Thereby, the difference in the cut 
wavelength by the degree difference of 
incident angle to the infrared cut-off filter 
23 can be made small, and color 
temperature change by image quantity 
and change of the quantity of light can be 
made small. 

[0039] The locus of the beam of light 
reflected by the beam of light of the 
visible region which passes the infrared 
cut-off filter 23, the image formation lens 
20, and diaphragm 2, and carries out 
incidence to a solid state image sensor, 
the locus of the beam of light containing 
the wavelength of the infrared region 
which passed the infrared cut-off filter 21 
although it was small, and the front face 
and the infrared cut-off filter 21 of a solid 
state image sensor is shown in drawing 5 . 
[0040] The concave surface 22 and convex 
21 of a lens 20 are penetrated, it reflects 
by the infrared cut off filter 23, and the 
beam of light reflected with the solid 
state image sensor only carries out going 
in the direction of an image sensor again. 
With this operation gestalt When the 
infrared cut-off filter 23 is on the body 
side with the convex, the beam of light RL 
reflected by the infrared cut off filter 23 
receives big astriction, and in case 
incidence is again carried out to a solid 
state image sensor, when the flux of light 
has spread, the effect on the image 



pick up engine performance will become 
slight. 

[0041] On the other hand, the locus of the 
beam of light reflected on the front face of 
a solid state image sensor and the 
concave surface 22 of the image formation 
lens 20 is shown in drawing 6 . 
[0042] The beam of light reflected on the 
image sensor front face goes in the 
direction of an image sensor in response 
to a condensing operation by reflection on 
a concave surface 22. Consequently, to an 
image sensor front face, the fully 
condensed light will carry out image 
formation, and will turn into ghost light 
with the big effect of the image formation 
engine performance on original on it. 
Therefore, it is not desirable to prepare 
the filter which cuts an unnecessary 
wavelength component into a concave 
surface 22 by reflection. 
[0043] Next, the numerical example of 
this operation gestalt is explained. When 
the focal distance of photography optical 
system is set to 1, Curvature Spacing A 
refractive index r/L Si (convex 21) 
0.36829 0.06425 1.5247 1.44 S2 (concave 
surface 22) 1.14456 0.19202 1 (air) 5.96 It 
extracts. (2) infinity 1 (air) By -, i.e., this 
operation gestalt, change of the filter 
shape which is the above-mentioned 
formula (l) have satisfied 
0.7<r/L=1.44<1.5 and according to 
whenever [ incident angle ] was lessened, 
and it has prevented that image quality 
and the quantity of light change with 
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image quantities. Moreover, effect of the 
ghost by the reflected light in a filter 23 is 
lessened. 

[0044] In addition, some modification 
may be added to a configuration by 
making Si (convex 21) and S2 (concave 
surface 22) into the aspheric surface for a 
**** engine performance improvement. 
[0045] Moreover, although each 
above-mentioned operation gestalt 
explained the case where vacuum 
evaporationo formation of the 
interference pattern infrared cut off filter 
was carried out, on the front face of an 
image formation lens, light filters other 
than an infrared cut-off filter may be 
formed by approaches other than vacuum 
evaporationo on the front face of an 
image formation lens, and you may make 
it form a light filter in this invention on 
the transparence plate of the 
curved -surface configuration which 
makes the opening core of a diaphragm 
center of curvature mostly. 
[0046] Moreover, this invention is a light 
filter which is not an interference pattern, 
and also when using what has a 
dependency in the property whenever 
[ incident angle ], it can be applied. For 
example, since what forms detailed 
irregularity on a glass substrate, gives 
the diffusion property of light, uses for 
the filter of a taking lens etc., and 
acquires the soft focus effectiveness 
changes a diffusion property according to 
the incident angle of light, if it is going to 



acquire fixed effectiveness, its application 

of this invention is effective. 

[0047] 

[Effect of the Invention] Since the 
opening core of a diaphragm of a light 
filter is formed in the shape of [ which is 
mostly made into center of curvature ] a 
curved surface according to this invention 
as explained above, even if optical system 
is not constituted as telecentric system, 
whenever [ incident angle / of the beam of 
light to a light filter ] cannot be depended 
on image quantity, but can be made 
almost the same. Therefore, a 
dependency can be reduced whenever 
[ incident angle / of the light filter of an 
interference pattern J, and good 
photography image quality can be 
acquired. 

[0048] Moreover, since the light filter is 
formed in the above-mentioned 
configuration and emission or astriction 
will be received in case the beam of light 
which reached the image surface reflects 
in a light filter side on front faces, such as 
a solid state image sensor arranged in the 
image surface, and reflects with a light 
filter further, in case this reflected beam 
of light carries out incidence to an image 
sensor again, the flux of light has spread, 
and effect on the image pick-up engine 
performance can be lessened. 
[0049] If it constitutes so that the 
above-mentioned formula (l) may be 
satisfied when the radius of curvature of 
a light filter is set to r and the direction 
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distance of an optical axis of a diaphragm 
and a light filter is especially set to L, 
change of the filter shape by whenever 
[ incident angle ] is lessened, and it can 
prevent that the image from which image 
quality and the quantity of light differ by 
image quantity is formed. Moreover, 
effect of the ghost by the reflected light in 
a light filter can be lessened. 
[0050] In addition, if a light filter is 
formed on the front face of lenses (image 
formation lens etc.) required for optical 
system originally, the light filter member 
which the former became independent of 
is made unnecessary, and the 
above-mentioned effectiveness can be 
acquired, preventing the increment in the 
number of components. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll The block diagram of the 
photography optical system which is the 
1st operation gestalt of this invention. 
[Drawing 2l Drawing showing the locus 
of the beam of light in the 
above-mentioned photography optical 
system. 

[Drawing 3l Drawing showing the locus 
of the beam of light in the 
above-mentioned photography optical 
system. 



[Drawing 41 The block diagram of the 
photography optical system which is the 
2nd operation gestalt of this invention. 
[Drawing 51 Drawing showing the locus 
of the beam of light in the photography 
optical system of the above-mentioned 
2nd operation gestalt. 
[Drawing 6l Drawing showing the locus 
of the beam of light in the photography 
optical system of the above-mentioned 
2nd operation gestalt. 
[Description of Notations] 

1 20 Image formation lens 

2 Drawing 

3 Image Formation Side (Installation 
Side of Individual Image Sensor) 

13 23 Infrared cut off filter 
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h „ HiWft&lTF-WSffi t 7h7^;^2 1tT' 

[004 0] @f*:!Ri*#T-t?S*t LfcJtUtt, U-VX2 
0 iODflffi 2 2 & itfiiffi 2 1 LT#fl-;* y h7^f 

yh7^/v^2 3 &%>#MKth 

-T-iCffUfA*ti-5^tcJ43t*^JC6;*So-C^2.r itio 

[0 04 1] H6ldt4, H^««^©*ffii:ife 

. ^1/^X2 OWED® 2 2 i-CRW-t-SjbllKDlUUFSr* 

i-» 

[004 2] fcteffi^ScffiTKtt Lfcfti&B:, Dflffi 2 2 

30 i)ioTLt5, L^c^oT[U]ffi2 2icKltf-4o-C^ 

[0 0 4 3] *^«HK«©ftffilB»«K:ov^T» 

r^Rl S*f* r/L 

0.06425 1.5247 1.44 

0. 19202 1 5. 96 

1 (ffift) 

40 M-CMUTti^U ^9c75r J SP t t 1 'C>SrHlJft* t t 5 

4 LTt4f. 
[0 0 4 6] *^BJ(4, ^#SyT*l4&V\)fc#7^ 

/^ffcot, ^<D#14{lA*t^«tSffttWfc5'bcO§r 

U^Xc07^/w^— ZjCftfiJffl LTV7 l>7*-*^i 

SO $)5 0 
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[00 4 7] 

[0048] &m\zmi,izft&&&m\z.&w;£ti 

[0 0 4 9] *f7-f;^©a^Sr rtU 
fc, ilExC (1) «t 5 i-fl¥fiK-rtu«> A«£ 



8 

[0 0 5 0] tt#7-f 3t#3RK:#*i8J« 

im i ] #«m«3f& i mte&mx*ib5m&ft^m<omi$. 

[El 2] ±E«f53t*3RJr*sJt53t«©W»Sr*-*-H. 
[1213] JiE«»3fe¥*fc*s W»Sr*-Ma. 

[Bi4] *ftw<nm2mMj&mx*hz>m&?t¥&<nmi$. 

[ El 5 ] ±|BJB 2 Hife^tH <Z>«f5}fc^ ft 5 fti&cO 
©iS^r^-rillo 

[me] ±EK2ltlS«l«o»****^*sJt5*i»co 
[#^rotft9§] 

1, 2 0 jSt&UV'X 

2 £9 

3 gas (m&&&mi-(DwtmM) 

13, 2 3 #^^7 S' 1-7^^ 



[mi ] 
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1 



[El 2] 
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(51) Int. CI. 7 JfcffJK-g- F I T-v-r <#*) 

H0 4N 5/238 G0 2B 1/10 Z 

F* — 2H048 FA03 FA12 FA24 GA03 GA14 

GA19 GA61 

2H083 AA04 AA17 AA19 AA27 

2H087 KA01 PA01 PA17 PB01 QA01 

QA06 QA07 QA12 QA13 QA32 

QA33 RA34 RA35 RA43 

2K009 BB02 CCOO DD03 EEOO 

5C022 AA13 AB12 AB13 AC51 



